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unit displaying a surrounding scene to superimpose and dis-
play the generated virtual object during the action of the one
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1
WEARABLE DISPLAY SYSTEM THAT
DISPLAYS PREVIOUS RUNNERS AS
VIRTUAL OBJECTS ON A CURRENT
RUNNER’S PATH

BACKGROUND

The present disclosure relates to a display control device, a
display control method, and a program.

In recent years, athletes (actors) wear devices that can
receive various kinds of information from the outside via a
communication network or the like and perform exercises.

Japanese Unexamined Patent Application Publication
(Translation of PCT Application) No. 2002-507734 discloses
a technology for providing information regarding a traveling
distance of an athlete to the athlete or a device used by the
athlete during an exercise based on global positioning satel-
lite data.

SUMMARY

When one actor acts at a given action position, the actor
wants to know the past actions of other actors at the same
position in some cases. This is because when the one actor
knows the past actions of the other actors at the same position,
for example, the one actor can perform an action appropriate
for a situation, referring to the past action of the other actors.

However, in Japanese Unexamined Patent Application
Publication (Translation of PCT Application) No. 2002-
507734, a technology for informing one athlete of exercise
information regarding other athletes is not mentioned.

It is desirable to provide given display realistically using
action information a past action of regarding another actor
during an action of one actor.

According to an embodiment of the present disclosure,
there is provided a display control device including an action
information acquisition unit that acquires, at an action posi-
tion of one actor, action information regarding a past action of
another actor, an object generation unit that generates a vir-
tual object for virtually indicating a position of the other actor
during an action of the one actor based on the acquired action
information, and a display control unit that causes a display
unit displaying a surrounding scene to superimpose and dis-
play the generated virtual object during the action of the one
actor.

According to the above-described configuration, the object
generation unit generates the virtual object for virtually indi-
cating the position of the other actor during the action of the
one actor based on the acquired action information. Then, the
display control unit causes the display unit displaying a sur-
rounding scene to superimpose and display the generated
virtual object during the action of the one actor. Thus, when
the one actor is acting in a specific place, the display unit
displays the virtual object corresponding to the action infor-
mation regarding the past action of the other actor at the same
place. That is, during the action of the one actor, the display is
realized realistically using the past action information of the
other actor. As a result, the one actor continues the action
while viewing the virtual object displayed during the action.
Therefore, the one actor can compete with the other actor or
can act based on the action of the other actor instead of a
guide.

Further, according to an embodiment of the present disclo-
sure, there is provided a display control method including
acquiring, at an action position of one actor, action informa-
tion regarding a past action of another actor, generating a
virtual object for virtually indicating a position of the other
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actor during an action of the one actor based on the acquired
action information, and causing a display unit displaying a
surrounding scene to superimpose and display the generated
virtual object during the action of the one actor.

Further, according to an embodiment of the present disclo-
sure, there is provided a program for causing a computer to
execute acquiring, at an action position of one actor, action
information regarding a past action of another actor, generat-
ing a virtual object for virtually indicating a position of the
other actor during an action of the one actor based on the
acquired action information, and causing a display unit dis-
playing a surrounding scene to superimpose and display the
generated virtual object during the action of the one actor.

According to the embodiments of the present disclosure
described above, it is possible to provide realistic display
using action information regarding a past action of another
actor during an action of one actor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an example of a general
configuration of a display system according to an embodi-
ment of the present disclosure;

FIG. 2 is a diagram illustrating a configuration example of
the outer appearance of a display device according to the
embodiment;

FIG. 3 is a block diagram illustrating an example of a
hardware configuration of the display device according to the
embodiment;

FIG. 4 is a block diagram illustrating an example of a
functional configuration of the display device according to
the embodiment;

FIG. 5 is a diagram illustrating a data structure of action
information downloaded from a server;

FIG. 6 is a diagram illustrating an example of a method of
identifying the range of a road from a captured image;

FIG. 7 is a diagram illustrating an example of a virtual
object displayed on a display unit when a competitor is run-
ning in the front;

FIG. 8 is a diagram illustrating an example of a virtual
object displayed on the display unit when a competitor is
running in the front;

FIG. 9 is a diagram illustrating an example of a virtual
object displayed on the display unit when a competitor is
running in the front;

FIG. 10 is a diagram illustrating an example of a virtual
object displayed on the display unit when a competitor is
running on the side;

FIG. 11 is a diagram illustrating an example of a virtual
object displayed on the display unit when a competitor is
running in the rear;

FIG. 12 is a diagram illustrating an example of a virtual
object displayed on the display unit when a competitor is
running in the rear;

FIG. 13 is a diagram illustrating an example of a map
displayed on the display unit when a competitor is outside of
a field of view;

FIG. 14 is a schematic view illustrating an example of map
displays showing the positions of a user and a competitor;

FIG. 15 is a flowchart illustrating an example of a flow of a
process performed by the display device according to the
embodiment; and

FIG. 16 is a flowchart illustrating an example of a flow of a
process of displaying a virtual object.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, preferred embodiments of the present disclo-
sure will be described in detail with reference to the appended
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drawings. Note that, in this specification and the appended
drawings, structural elements that have substantially the same
function and structure are denoted with the same reference
numerals, and repeated explanation of these structural ele-
ments is omitted.

The description will be made in the following order.

1. Configuration of Display System

2. Configuration of Display Device

2-1. Example of Hardware Configuration of Display
Device

2-2. Example of Functional Configuration of Display
Device

3. Display Example of Virtual Object in Display Unit

4. Flow of Process Performed by Display Device

5. Case in Which Virtual Object Is Displayed

6. Summarization
<1. Configuration of Display System>

An example of the configuration of a display system 1
according to an embodiment of the present disclosure will be
described with reference to FIGS. 1 and 2. FIG. 1 is a diagram
illustrating an example of a general configuration of the dis-
play system 1 according to the embodiment of the present
disclosure. FIG. 2 is a diagram illustrating a configuration
example of the outer appearance of a display device 100
according to the embodiment.

The display system 1 is a system that displays a virtual
object (which indicates a state in which otherusers run) based
on past exercise histories of the other users on a display device
100 which one user wears when the one user is running. Thus,
the one user (for example, a user Ua shown in FIG. 1) can run
while viewing a virtual object displayed on the display device
100, as if the user were competing with other users (users Ub
and Uc shown in FIG. 1) who have run in the past.

As shown in FIG. 1, the display system 1 includes the
display device 100 which the user wears, a server 300, and a
network 400 connecting the display device 100 and the server
300 in a communicable way.

As shown in FIG. 2, the display device 100 is a glasses-type
display device which a user (here, the user Ua will be exem-
plified for description) wears on his or her face. Specifically,
the display device 100 is sunglasses which the user wears
while running. The display device 100 includes display units
118 which are transmission-type displays in lens portions of
the sunglasses. Therefore, the user Ua can view a surrounding
scene from the display units 118 even when the user is wear-
ing the display device 100. The display device 100 acquires
position information (for example, current position informa-
tion) regarding the display device 100 by communicating
with a GPS satellite 500.

The display device 100 acquires exercise histories of past
exercises of other users (the users Ub and Uc) at the current
position from the server 300. The display device 100 displays
a virtual object by superimposing the virtual object on the
scene based on the acquired past exercise histories of the
other users. The details of the display of the virtual object will
be described below.

The server 300 manages the past exercise histories of the
users Ua, Ub, and Uc. The exercise histories are sequentially
received from the display device 100 and are stored in a
database 310 connected to the server 300. Not only the exer-
cise history of each user but also map information or the like
is stored in the database 310. The map information also
includes, for example, road information regarding a road on
which the users run.

The server 300 can communicate with the display device
100 which each of the users Ua, Ub, and Uc wears via the
network. The server 300 receives the exercise history of each
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user from the display device 100 which each of the users Ua,
Ub, and Uc wears and stores the exercise history of each user
in the database 310. Further, the server 300 transmits the past
histories of the other users Ub and Uc to the display device
100 which the one user Ua wears in response to a request of
the one user Ua (the display device 100 which the user Ua
wears).

<2. Configuration of Display Device>

(2-1. Example of Hardware Configuration of Display Device)

An example of a hardware configuration of the display
device 100 according to the embodiment will be described
with reference to FIG. 3. FIG. 3 is a block diagram illustrating
an example of the hardware configuration of the display
device 100 according to the embodiment.

As shown in FIG. 3, the display device 100 includes a CPU
112, a memory 114, a power source 116, a display unit 118, a
sound input and output unit 120, and an input unit 122. The
display device 100 further includes a radio communication
unit 124, an electronic compass 126, a GPS processing unit
128, a gyro sensor 130, an atmosphere pressure sensor 132, an
acceleration sensor 134, and an imaging unit 136.

The CPU 112 functions as an arithmetic processing device
and a control device and controls general operations in the
display device 100 according to various programs. The CPU
112 may be a microprocessor. Further, the CPU 112 can
realize various functions according to various programs.

The memory 114 can store programs, calculation param-
eters, and the like used by the CPU 112. Further, the memory
114 is a data storage device and can include a memory
medium, a recording device that records data in the memory
medium, a reading device that reads the data from the
memory medium, and a deletion device that deletes data
recorded in the memory medium.

The power source 116 supplies power to constituent com-
ponents (the CPU 112, the display unit 118, and the like)
included in the display device 100.

The display unit 118 is, for example, a liquid crystal dis-
play (LCD) or an organic light emitting diode (OLED) dis-
play. The display unit 118 can supply information by display-
ing a screen for the user. The display unit 118 according to this
embodiment is a transmission-type display that displays the
surroundings and can superimpose and display a virtual
object to be described below.

The sound input and output unit 120 includes, for example,
a speaker that outputs a sound based on a sound signal and a
microphone that can collect a sound. For example, the
speaker may output action information (exercise informa-
tion) regarding the user or operation information input
through the input unit 122 as a sound.

The input unit 122 is a unit through which the user inputs
information. The input unit 122 includes, for example, a
touch sensor, a button, a switch, a lever, or the like which the
user can operate. The user selects setting information such as
selection or determination by operating the input unit 122.
The input unit 122 supplies the selected setting information or
the like to the CPU 112.

The radio communication unit 124 performs radio commu-
nication with the server 300 (see FIG. 1) via the network 400.
The radio communication unit 124 receives the exercise his-
tories of the other users from the server 300. Further, the radio
communication unit 124 transmits the exercise information
regarding the user who wears the display device 100 to the
server 300.

The electronic compass 126 is a magnetic sensor that
detects an azimuth direction of a sight line of the user who
wears the display device 100. The electronic compass 126
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detects geomagnetism and identifies the azimuth. The elec-
tronic compass 126 supplies the detected data to the CPU 112.

The GPS processing unit 128 acquires position informa-
tion regarding the display device 100 (user) based on a signal
received from the GPS satellite 500 (see FIG. 1). For
example, the GPS processing unit 128 acquires information
regarding a latitude, a longitude, and an altitude as the posi-
tion information. The GPS processing unit 128 supplies the
acquired position information to the CPU 112.

The gyro sensor 130 is an angular velocity sensor that
detects the angle of the sight line of the user who wears the
display device 100. The gyro sensor 130 may be, for example,
a triaxial gyro sensor that detects, as a voltage value, a veloc-
ity (angular velocity) at which a rotational angle around the X
axis, the Y axis, and the Z axis varies. The gyro sensor 130
supplies data of the detected angular velocity to the CPU 112.

The atmosphere pressure sensor 132 is a sensor that detects
the altitude of the current position of the user. The atmosphere
pressure sensor 132 detects the altitude as a predetermined
sampling frequency and supplies the detected data to the CPU
112.

The acceleration sensor 134 is a sensor that detects a move-
ment of the user who wears the display device 100. For
example, the acceleration sensor 134 detects whether the user
is moving (exercising) or has stopped. The acceleration sen-
sor 134 may be a triaxial acceleration sensor that detects each
of an acceleration in the X axis direction, an acceleration in
the Y axis direction, and an acceleration in the Z axis direc-
tion. The acceleration sensor 134 supplies data of the detected
acceleration to the CPU 112.

The imaging unit 136 includes an imaging element such as
a CMOS and images the visual field of the user. The imaging
unit 136 images a still image or a moving image via a lens
under the control of the CPU 112. The imaging unit 136
supplies the captured image to the CPU 112.

(2-2. Example of Functional Configuration of Display
Device)

An example of a functional configuration of the display
device 100 according to the embodiment of the present dis-
closure will be described with reference to FIG. 4. FIG. 4is a
block diagram illustrating an example of the functional con-
figuration of the display device 100 according to the embodi-
ment. Hereinafter, the display device 100 which the user Ua
shown in FIG. 1 wears will be described.

As shown in FIG. 4, the display device 100 includes a
position information acquisition unit 202, an action determi-
nation unit 204, an action information acquisition unit 206, a
captured image acquisition unit 208, and a visual field infor-
mation acquisition unit 210. The display device 100 further
includes an image processing unit 212, a position determina-
tion unit 214, an image generation unit 216 which is an
example of an object generation unit, a display control unit
218, and an action information transmission unit 220. Such a
functional configuration is realized by the CPU 112 (see FIG.
3) as a display control device.

(Position Information Acquisition Unit 202)

The position information acquisition unit 202 acquires
position information (in other words, position information
regarding the user Ua who wears the display device 100)
regarding the display device 100. The position information
acquisition unit 202 acquires the position information regard-
ing the display device 100 (the user Ua) through the GPS
processing unit 128. For example, the acquired position infor-
mation is information regarding a latitude, a longitude, and an
altitude of the display device 100. The position information
acquisition unit 202 acquires the position information at pre-
determined intervals.
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(Action Determination Unit 204)

The action determination unit 204 determines an action of
the user Ua who wears the display device 100. For example,
the action determination unit 204 determines whether the user
Ua is exercising. Specifically, the action determination unit
204 determines whether the user Ua is exercising based on a
detection result of the acceleration sensor 134.

The action determination unit 204 may determine whether
the user Ua starts a running action based on a detection result
of the acceleration sensor 134. Further, the action determina-
tion unit 204 may determine an action of the user based on the
position information acquired by the position information
acquisition unit 202.

(Action Information Acquisition Unit 206)

The action information acquisition unit 206 acquires action
information regarding a past action of the user Ub or Uc
(another action) at the action position of the user Ua (one
actor) who wears the display device 100 from the server 300
(see FIG. 1).

For example, the action information acquisition unit 206
acquires an exercise history of the user Ub or the user Uc as
action information. Here, the acquired exercise history is a
running history of the user Ub or Uc who has run at the
position at which the user Ua is running. The exercise history
to be acquired may be determined when the user Ua starts
exercising and the user Ua selects the exercise history on a
menu screen displayed on the display unit 118. Further, the
exercise history to be acquired may be set in advance, for
example, at the user’s home before exercise.

The action information acquisition unit 206 acquires not
only the action information but also map information includ-
ing information regarding the altitude of the position at which
another user Ub or Uc acts from the server 300. By acquiring
the map information including the information regarding the
altitude, the position of another user can be detected with
higher accuracy.

Here, action information to be downloaded from the server
300 will be described with reference to FIG. 5. FIG. 5 is a
diagram illustrating a data structure of the action information
to be downloaded from the server 300. As shown in FIG. 5, the
action information includes an exercise duration, the position
information (the latitude, longitude, and altitude) regarding
an exercise position, classification of exercise, and the like.
(Captured Image Acquisition Unit 208)

The captured image acquisition unit 208 acquires a cap-
tured image captured by the imaging unit 136. For example,
the captured image acquisition unit 208 acquires the captured
image (visual field image) obtained by imaging a visual field
of the user by the imaging unit 136. The captured image
acquisition unit 208 outputs the acquired captured image to
the image processing unit 210.

(Visual Field Information Acquisition Unit 210)

The visual field information acquisition unit 210 acquires
visual field information of the user Ua who wears the display
device 100. The visual field information acquisition unit 210
acquires, as visual field information, for example, informa-
tion regarding the direction (azimuth) of the sight line of the
user Ua or the angle of the sight line of the user Ua. The
direction (azimuth) of the sight line of the user Ua is detected
by the electronic compass 126 which is an example of the
sight line detecting unit. The angle of the sight line of the user
Ua is detected by the gyro sensor 130.

(Image Processing Unit 212)

The image processing unit 212 performs various kinds of
image processing on the captured image acquired by the
captured image acquisition unit 208. The image processing
unit 212 has a function of a determination identifying unit that



US 9,235,933 B2

7

identifies the range of a road on which the user is running
from the captured image obtained by imaging the visual field
of the user Ua by the imaging unit 136.

Hereinafter, a method of identifying the range of a road
from the acquired captured image will be described with
reference to FIG. 6. FIG. 6 is a diagram illustrating an
example of the method of identifying the range of a road from
the captured image.

As shown in FIG. 6(a), the image processing unit 212
detects a candidate area of a road by performing edge pro-
cessing on the captured image captured by the imaging unit
136. In FIG. 6(a), a road and a tree are detected as candidate
areas. Next, as shown in FIG. 6(5), the image processing unit
212 maps the azimuth and the angle of the sight line of the
user Ua who wears the display device 100 to the road infor-
mation downloaded from the position information regarding
theuser Ua. Next, as shown in FIG. 6(c), the image processing
unit 212 identifies the range of the road using the mapped road
information between the candidate areas (the road and the
tree) of the road. Thus, as shown in FIG. 6(d), the range of the
road is determined from the captured image.

(Position Determination Unit 214)

The position determination unit 214 determines whether
another user Ub (or Uc) was located in the past at the position
within the visual field of the user Ua during the action. Spe-
cifically, the position determination unit 214 determines
whether the other user was located in the past within the
visual field of the user based on the range of the road identi-
fied by the image processing unit 212 and the position of the
other user Ub.

For example, the position determination unit 214 deter-
mines that the other user Ub is located at the position within
the visual field of the one user Ua, when the other user Ub is
located within the range of the road identified by the image
processing unit 212. Conversely, the position determination
unit 214 determines that the other user Ub is not located at the
position within the visual field of the one user Ua, when the
other user Ub is not located within the identified range of the
road.

(Image Generation Unit 216)

The image generation unit 216 generates a virtual image
transparently displayed on the display unit 118. The image
generation unit 216 generates, as the virtual image, a virtual
object for virtually indicating the position of the other user Ub
(or the user Uc) during an action of the user Ua based on the
action information acquired by the action information acqui-
sition unit 206. Specifically, when the user Ua is running at a
given position, the image generation unit 216 generates the
virtual object for virtually indicating the position of the other
user Ub (or the user Uc) that has run in practice at the same
position in the past. Further, when a plurality of different
users who have run at the same position are present, the image
generation unit 216 generates the virtual object correspond-
ing to another user selected by the user Ua.

The image generation unit 216 generates the virtual object
suitable for a positional relation between the one user Ua and
the other user Ub (or the user Uc). For example, when the
other user Ub is running in the front of the user Ua, the image
generation unit 216 generates the virtual object showing the
back shape of the other user Ub. On the other hand, when the
other user Ub is running in the rear of the user Ua, the image
generation unit 216 generates the virtual object showing the
front shape of the other user Ub.

The image generation unit 216 generates a map indicating
the positions of the one user Ua and the other user Ub (or the
user Uc). The image generation unit 216 causes the road to be
included in the map and shows the positions of the one user
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Ua and the other user Ub on the road. The map is generated
such that the map occupies a partial area in the corner of the
display screen of the display unit 118.

(Display Control Unit 218)

The display control unit 218 causes the display unit 118
displaying the surroundings to display the virtual object gen-
erated by the image generation unit 216 in a superimposition
manner.

Specifically, the display control unit 218 causes the display
unit 118 to display the virtual object generated by the image
generation unit 216 in the superimposition manner during the
action of the user Ua who wears the display device 100. That
is, when the user Ua is acting at a specific place, the display
control unit 218 causes the display unit 118 to display the
virtual object corresponding to the action history of the other
user Ub who has acted at the same position in the past. Thus,
during the action of the user Ua, given display is realized
realistically using actual past action information regarding
the user Ub.

The display control unit 218 causes the display unit 118 to
transparently display the generated virtual object. For
example, the display control unit 218 displays the virtual
object in gray or only with a contour line. Thus, it is possible
to prevent the visual field of the user Ua from being blocked
due to the displayed virtual object.

The display control unit 218 switches the display of the
virtual object depending on whether the other user Ub is
located within the visual field of the one user Ua. That is, the
display control unit 218 causes the display unit 118 to display
the virtual object when the position determination unit 214
determines that the other user Ub is located at the position
within the visual field of the user Ua. Conversely, the display
control unit 218 causes the display unit 118 not to display the
virtual object when the position determination unit 214 deter-
mines that the other user Ub is not located at the position
within the visual field of the user Ua. Thus, the given display
can be realized more realistically.

The display control unit 218 switches the display of the
virtual object on the display unit 118 in accordance with the
positional relation between the other user Ub and the one user
Ua and the direction of the sight line of the user Ua. For
example, the display control unit 218 causes the display unit
118 to display the virtual object corresponding to the other
user Ub when the other user Ub is acting in the front of a
traveling direction of the user Ua and it is thus detected that
the sight line of the user Ua is oriented toward the front of the
traveling direction. Conversely, the display control unit 218
causes the display unit 118 to display the virtual object cor-
responding to the other user Ub, when the other user Ub is
acting in the rear of the traveling direction of the user Ua and
it is thus detected that the sight line of the user Ua is oriented
toward the rear of the traveling direction (that is, the user Ua
is looking back). Thus, the position of the user Ub can be
appropriately displayed in accordance with the sight line by
switching the display of the virtual object on the display unit
118 in accordance with the direction of the sight line of the
user Ua.

The display controlunit 218 may cause the display unit 118
to display the virtual object when it is determined that the user
Ua who wears the display device 100 starts acting. Thus,
when the user Ua does not act, it is possible to prevent the
virtual object from being displayed on the display unit 118.

The display controlunit 218 may cause the display unit 118
not to display the virtual object when a shielding object is
present between the user Ua and the other user Ub in a view
from the user Ua. Then, the display control unit 218 causes
the display unit 118 to display the virtual object when the user
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Ua passes the shielding object. Thus, in a situation in which
the other user Ub would not normally be viewed due to the
shielding object, it is possible to prevent the virtual object
corresponding to the other user Ub from being displayed.

The display control unit 218 may change the size of the
virtual object to be displayed in accordance with the distance
between the other user Ub and the user Ua. For example, the
display control unit 218 causes the virtual object to be dis-
played larger as the other user Ub is located closer to the
vicinity of the user Ua.

The display control unit 218 may cause the display unit 118
to display the map showing the positions of the user Ua and
the other user Ub in the superimposition manner when it is
determined that the other user Ub is not located at the position
within the visual field of the user Ua. Thus, by displaying the
map showing the positions of the user Ua and the other user
Ub, the user Ua can easily comprehend the relative position
even when the user Ua is distant from the other user Ub.

Specifically, the display control unit 218 causes the display
unit 118 to display the map showing the positions of the user
Ua and the other user Ub when it is determined that the other
user Ub is not located at the position within the visual field of
the user Ua and the other user Ub is distant from the user Ua
by a predetermined distance or greater. At this time, in order
to prevent the visual field from being blocked by the shown
map, the display control unit 218 causes the map to be trans-
parent.

The display control unit 218 may change a scale (magni-
fication) of the map in accordance with the distance between
the other user Ub and the user Ua and display the changed
map. That is, when the distance between the other user Ub and
the user Ua is large, the display control unit 218 enlarges the
scale of the map. When the distance between the other user
Ub and the user Ua is small, the display control unit 218
reduces the scale of the map. Thus, the display unit 118 can
display the positions of the other user Ub and the user Ua
within the restricted display area.

(Action Information Transmission Unit 220)

The action information transmission unit 220 transmits
(uploads) the action information (for example, exercise infor-
mation) regarding the user Ua who wears the display device
100 to the server 300. The action information regarding the
user Ua is sequentially stored in, for example, the memory
114, and thus the action information transmission unit 220
transmits the series of action information to the server 300
when the exercise is completed. Specifically, the action infor-
mation transmission unit 220 transmits the exercise informa-
tion shown in FIG. 5 to the server 300. Thus, the virtual object
based on the action information of the user Ua can also be
displayed on the display device 100 which the other user Ub
wears.
<3. Display Example of Virtual Object in Display Unit>

A display example of the virtual object on the display unit
118 of the display device 100 will be described. Here, it is
assumed that while the user Ua (see FIG. 1) is running a
specific course, the virtual objects corresponding to the exer-
cise histories of competitors (the users Ub and Uc) who have
run the same course in the past are displayed.

Hereinafter, the description will be made in the order of a
display example in which the competitors are running in the
front of the user Ua, a display example in which the competi-
tors and the user Ua are running side by side, a display
example in which the competitors are running in the rear of
the user Ua, and a display example in which the competitors
are outside of the visual field of the user Ua.
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(Display Example in Which Competitors Are Running in
Front)

Display examples of virtual objects when competitors are
running in the front of the user Ua will be described with
reference to FIGS. 7 to 10. The display examples of the virtual
objects to be described below are displayed when the user Ua
is running in a frontward direction.

FIG. 7 is a diagram illustrating an example of the virtual
object displayed by the display unit 118 when a competitor is
running in the front of the user Ua. On a display screen Scl of
FIG. 7, the shape of the competitor who is located in the front
of'the user Ua and is running forward in a frontward direction
along a road is shown as a virtual object Ob1. In addition, the
virtual object Ob1 is transparently shown so that the back of
the competitor does not block the visual field of the user Ua.

FIG. 8 is a diagram illustrating an example of a virtual
object displayed by the display unit 118 when a competitor is
running in the front of the user Ua. On a display screen Sc2 of
FIG. 8, the shape of the competitor who is located in the front
of'the user Ua and is running forward in a frontward direction
along a road is shown as a virtual object Ob2. In addition, the
virtual object Ob2 is transparently shown so that the diago-
nally backward right shape of the competitor does not occupy
the visual field of the user Ua.

FIG. 9is a diagram illustrating an example of a virtual objet
displayed by the display unit 118 when a competitor is run-
ning in the front of the user Ua. On a display screen Sc3 of
FIG. 9, the shape of the competitor who is located in the
diagonally right front ofthe user Ua and is running forward in
a frontward direction along a road is shown as a virtual object
Ob3. In addition, the virtual object Ob3 is transparently
shown so that the diagonally backward left shape of the
competitor does not occupy the visual field of the user Ua.
(Display Example in Which User and Competitor Are Run-
ning Side by Side)

A display example of a virtual object when a competitor is
running side by side with the user Ua will be described with
reference to FIG. 10. The display example of the virtual
object described here is displayed when the running user Ua
is viewing aside.

FIG. 10 is a diagram illustrating an example of the virtual
object displayed by the display unit 118 when the competitor
is running side by side with the user Ua. On a display screen
Sc4 of FIG. 10, the shape of the competitor who is located
right beside the user Ua and is running forward in a frontward
direction is shown as a virtual object Ob4. In addition, the
virtual object Ob4 is transparently shown so that the shape of
the competitor viewed from the left side does not occupy the
visual field of the user Ua.

(Display Example in Which Competitor is Running in Rear)

Display examples of virtual objects when competitors are
running in the rear of the user Ua will be described with
reference to FIGS. 11 and 12. The display examples of the
virtual objects to be described here are displayed when the
running user Ua is looking back.

FIG. 11 is a diagram illustrating an example of a virtual
object displayed by the display unit 118 when the competitor
is running in the rear of the user Ua. On a display screen Sc5
of FIG. 11, the shape of the competitor who is located in the
rear of the user Ua and is running diagonally in a frontward
direction along a road is shown as a virtual object Ob5. In
addition, the virtual object ObS is transparently shown so that
the diagonally front shape of the competitor does not occupy
the visual field of the user Ua.

FIG. 12 is a diagram illustrating an example of a virtual
object displayed by the display unit 118 when the competitor
is running in the rear of the user Ua. On a display screen Sc6
of FIG. 12, the shape of the competitor who is located right
behind the user Ua and is running to the front side is shown as
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a virtual object Ob6. In addition, the virtual object Ob6 is
transparently shown so that the front shape of the competitor
approaching the user does not occupy the visual field of the
user Ua.

In the above-described display examples, the display of the
virtual object superimposed on a scene is switched when the
sight line ofthe user is moving. Thus, the user can perceive the
relative position of the competitor more realistically.
(Display Example in Which Competitor Is Outside of Visual
Field)

In the above-described display examples of FIGS. 7 to 12,
the competitor is located within the visual field of the user. On
the other hand, when the competitor is not located within the
visual field of the user, the competitor is not displayed in the
scene. In this case, the user may not comprehend the posi-
tional relation between the user and the competitor.

The display unit 118 according to the embodiment displays
a map showing the positions of the competitor and the user,
instead of a virtual object, when the competitor is outside of
the visual field of the user. Thus, the user can easily compre-
hend the position relation between the competitor and the
user, while viewing the map showing the positions of the
competitor and the user. Hereinafter, a display example of the
map when the competitor is outside of the visual field of the
user will be described with reference to FIGS. 13 and 14.

FIG. 13 is a diagram illustrating an example of a map
displayed by the display unit 118 when the competitor is
outside of the visual field. As shown on a display screen Sc7
of FIG. 13, a map showing the positions of the user Ua and the
competitor Ub on a road St is shown in a partial area of a
transparent display showing a scene. The displayed map is
transparently displayed so as not to occupy the visual field of
the user Ua. Further, the positions of the user Ua and the
competitor Ub are displayed with, for example, different col-
ors or marks so that the user can distinguish the positions of
the user Ua and the competitor Ub from each other.

Here, the displayed map can be displayed while changing
the scale (magnification) of the map in accordance with the
positions of the user and the competitor to display the posi-
tions of both the user and the competitor, as shown in FIG. 14.
FIG. 14 is a schematic diagram illustrating examples of map
displays in which the positions of the user and the competitor
are shown. In FIG. 14, the display examples of three maps
with different scales are shown. Thus, by displaying the maps
while changing the scale (magnification) of the map in accor-
dance with the positions of the user and the competitor, the
user can immediately comprehend the positional relation
between the user and the competitor.

In the above-described display examples of FIGS. 7 to 12,
only one competitor is displayed, but the embodiment of the
present disclosure is not limited thereto. A plurality of com-
petitors may be displayed. The display form of a competitor is
not limited to the display examples (in which a competitor is
displayed as a gray area) of FIGS. 7 to 12. A display form (for
example, display of only the contour line of a competitor) in
which the user can perceive a competitor may be used.
<4. Flow of Process Performed by Display Device>

An example of the flow of a process performed by the
display device 100 according to the embodiment will be
described with reference to FIG. 15. FIG. 15 is a flowchart
illustrating an example of a flow of the process performed by
the display device 100 according to the embodiment.

The position information acquisition unit 202 of the dis-
play device 100 acquires position information (position infor-
mation regarding the user who wears the display device 100)
regarding the display device 100 (step S102). That is, the
position information acquisition unit 202 acquires informa-
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tion regarding the latitude, longitude, and altitude of the dis-
play device 100 (user) through the GPS processing unit 128.

Next, the display device 100 is connected to a social net-
work by the radio communication unit 124 (step S104). Next,
the display device 100 receives a competition mode input by
the user Ua (step S106). At this time, the user Ua can select a
competitor through the input unit 122.

Next, the action information acquisition unit 206 down-
loads exercise information regarding another user (competi-
tor) from the server 300 (step S108). Then, the action deter-
mination unit 204 determines whether the user Ua who wears
the display device 100 starts exercising based on a detection
result of the acceleration sensor 134 (step S110).

When the action determination unit 204 determines that the
user starts exercising in step S110 (Yes), the display device
100 records the exercise information regarding the user Ua in
the memory 114 (step S112). Next, the display device 100
determines whether the competitor is exercising (step S114).

When display device 100 determines that the competitor is
exercising in step S114 (Yes), the display control unit 218
performs a virtual object display process of displaying a
virtual object on the display unit 118 (step S116). Conversely,
when the display device 100 determines that the competitor is
not exercising in step S114 (No), the display control unit 218
does not perform the virtual object display process of step
S116. The details of the virtual object display process of step
S116 will be described below.

Next, the action determination unit 204 determines
whether the user ends the exercise (step S118). When the
action determination unit 204 determines that the user con-
tinues the exercise in step S118 (No), the display device 100
performs the above-described process of step S112. Con-
versely, when the action determination unit 204 determines
that the user ends the exercise in step S118 (Yes), the display
device 100 uploads the exercise data of the user to the server
(step S120).

(Virtual Object Display Process)

An example ofthe flow of the virtual object display process
of step S116 in FIG. 15 will be described with reference to
FIG. 16. FIG. 16 is a flowchart illustrating an example of the
flow of the virtual object display process.

The position determination unit 214 of the display device
100 acquires the relative coordinates of the competitor based
on the latitudes, longitudes, and altitudes of the user and the
competitor (step S202). Next, the image processing unit 212
determines the range of a road in which the user Ua is running
from a captured image captured by the imaging unit 136 (step
S204).

Next, when the image processing unit 212 can identify the
range of the road from the determination result (Yes in step
S206), the image processing unit 212 determines whether
road information is included in the downloaded map infor-
mation (step S208).

When the image processing unit 212 determines that the
road information is included in step S208 (Yes), the image
processing unit 212 performs matching between the identi-
fied range of the road and the road information to define the
range of the road (step S210).

Next, the position determination unit 214 compares the
position of the competitor with the range of the road (step
S212). Then, the position determination unit 214 determines
whether the competitor is within the visual field of the user
(step S214). That is, the position determination unit 214
determines whether the competitor is located within the range
of the road.

When the position determination unit 214 determines that
the competitor is within the visual field of the user in step
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S214 (Yes), the image generation unit 216 generates a virtual
object based on the coordinates of the competitor and the
traveling direction of the competitor (step S216). Then, the
display control unit 218 causes the display unit 118 to display
the generated virtual object (step S218).

When the position determination unit 214 determines that
the competitor is outside of the visual field of the user in step
S214 (No), the display control unit 218 causes the display unit
118 not to display the virtual object. Further, when the com-
petitor is distant from the user by a predetermined distance or
greater, the display control unit 218 causes the display unit
118 to display the map showing the positions of the competi-
tor and the user.
<5. Case in which Virtual Object is Displayed>

The case in which the display unit 118 displays the virtual
object corresponding to the competitor based on the exercise
history of another user (competitor) who has run at the spe-
cific position in the past when the user Ua who wears the
display device 100 is running in a specific position has been
described. However, the case in which the display unit 118
displays the virtual object is not limited to the above-de-
scribed case.

For example, the display unit 118 may display the virtual
object based on the exercise history of the other user (com-
petitor) when the user Ua is performing an action (exercise)
other than running. Here, examples of the action other than
running include bicycling, swimming, automobile driving,
motorcycling, sailing, flying, and paragliding.

In a specific facility, a virtual object may be displayed as a
guide function. For example, when an area is divided
minutely and a user is located in a specific area in a gallery, a
700, a park, an amusement facility, or the like, a virtual object
such as a video may be automatically displayed. Further, a
past movement of another person playing a guiding role may
be displayed as a virtual object based on movement informa-
tion. Likewise, a virtual object may be displayed and used as
a guide in a route or the like that is difficult to search for.

Further, a virtual object may be displayed based on exer-
cise information performed in the past event. Specifically, in
one place, an atmosphere of the past event can be reproduced
by displaying the virtual object based on the exercise infor-
mation or the like of participants of the event performed at the
same place in the past.
<6. Summarization>

As described above, the display device 100 according to
the embodiment of the present disclosure generates a virtual
object for virtually indicating the position of another actor
(competitor) during an action of one actor (user) based on
acquired action information. Then, the display device 100 can
superimpose the generated virtual object on the display unit
118 displaying the surrounding scene during the action of the
one actor.

Thus, when the user is exercising in a specific place, the
display unit 118 displays the virtual object corresponding to
the exercise history of a competitor who has exercised at the
same place in the past. That is, during the action of the user,
the display is realized realistically using the actual past action
information of the competitor. As a result, since the user
continues the action while viewing the virtual object dis-
played during the action, the user can compete with another
actor or perform an action using the action of the other actor
instead of a guide.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
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The glasses-type display device 100 (see FIG. 2) mounted
on the face of a user has been described as an example of a
display device that displays a virtual object, but the embodi-
ment of the present disclosure is not limited thereto. For
example, when a user drives an automobile, a virtual object
may be transparently displayed on the windshield. Further,
when a user exercises with a motorbike, a virtual object may
be transparently displayed on a visor of a helmet.

The display device 100 has been described as a display
control device that generates a virtual object and causes the
display unit 118 to display the virtual object, but the embodi-
ment of the present disclosure is not limited thereto. For
example, the server 300 may be configured as a display con-
trol device that generates a virtual object and causes a display
device to display the virtual object. Even in this case, when a
user is exercising in a specific place, the display unit 118
displays the virtual object corresponding to exercise history
of a competitor who has exercised at the same place in the
past. When the server 300 serves as the display control device,
the configuration of the display device 100 can be simplified.

While the steps described in the flowcharts according to the
above-described embodiment naturally include processes
performed chronologically in the described order, but the
processes are not necessarily processed chronologically, and
the steps may also include processes performed in parallel or
separately. Further, the order of the chronologically pro-
cessed steps may, of course, be changed appropriately, as
necessary.

The process performed by an information processing
device described in the specification may be realized by any
one of software, hardware, and a combination of the hardware
and software. For example, a program for the software is
stored in a memory medium installed inside or outside each
device in advance. For example, each program is read to a
random access memory (RAM) and is executed by a proces-
sor such as a CPU, when the program is executed.

Additionally, the present technology may also be config-
ured as below.

(1) A display control device including:

an action information acquisition unit that acquires, at an
action position of one actor, action information regarding a
past action of another actor;

an object generation unit that generates a virtual object for
virtually indicating a position of the other actor during an
action of the one actor based on the acquired action informa-
tion; and

a display control unit that causes a display unit displaying
asurrounding scene to superimpose and display the generated
virtual object during the action of the one actor.

(2) The display control device according to (1), wherein the
display control unit causes the display unit to transparently
display the generated virtual object.

(3) The display control device according to (1) or (2), further
including:

a position determination unit that determines whether the
other actor is located at a position within a visual field of the
one actor who is acting,

wherein the display control unit causes the display unit to

display the virtual object when the position determination
unit determines that the other actor is located at the position
within the visual field.
(4) The display control device according to (3), wherein the
display control unit causes the display unit to superimpose
and display a map showing positions of the one actor and the
other actor when the position determination unit determines
that the other actor is not located at the position within the
visual field.
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(5) The display control device according to (4), wherein the
display control unit causes the display unit to superimpose
and display the map when the position determination unit
determines that the other actor is not located at the position
within the visual field and the other actor is distant from the
one actor by a predetermined distance or greater.

(6) The display control device according to any one of (3) to
(%)

wherein actions of the one actor and the other actor are

running actions on a road,

wherein the display control device further includes:

a range identifying unit that identifies a range of the road
from a captured image captured by an imaging unit that
images the visual field of the one actor, and

wherein the position determination unit determines that the

other actor is located at the position within the visual field
when the other actor is located within the identified range of
the road.

(7) The display control device according to any one of (1) to
(6), further including:

a sight line detection unit that detects a direction of the

sight line of the one actor,

wherein the display control unit switches display of the

virtual object in the display unit in accordance with the
detected direction of the sight line.

(8) The display control device according to (7), wherein the
display control unit causes the display unit to display the
virtual object when the other actor is acting in front of a
traveling direction of the one actor and it is detected that the
sight line of the one actor is oriented toward the front.

(9) The display control device according to (7), wherein the
display control unit causes the display unit to display the
virtual object when the other actor is acting in rear of the
traveling direction of the one actor and it is detected that the
sight line of the one actor is oriented toward the rear.

(10) The display control device according to any one of (1) to
(9), further including:

an action determination unit that determines the action of

the one actor,

wherein actions of the one actor and the other actor are

running actions, and

wherein the display control unit causes the display unit to

display the virtual object when the action determination unit
determines that the one actor starts the running action.

(11) The display control device according to any one of (1) to
(10), wherein the display control unit causes the display unit
not to display the virtual object when a shielding object is
present between the one actor and the other actor from a view
of the one actor.

(12) The display control device according to any one of (1) to
(11), wherein the action information acquisition unit acquires
the action information and map information including infor-
mation regarding altitude of a position at which the other
actor acts.

(13) The display control device according to any one of (1) to
(12), wherein the display unit is a glasses-type display unit
mounted on the one actor.

(14) A display control method including:

acquiring, at an action position of one actor, action infor-

mation regarding a past action of another actor;

generating a virtual object for virtually indicating a posi-

tion of the other actor during an action of the one actor based
on the acquired action information; and

causing a display unit displaying a surrounding scene to

superimpose and display the generated virtual object during
the action of the one actor.
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(15) A program for causing a computer to execute:
acquiring, at an action position of one actor, action infor-
mation regarding a past action of another actor;

generating a virtual object for virtually indicating a posi-
tion of the other actor during an action of the one actor based
on the acquired action information; and

causing a display unit displaying a surrounding scene to
superimpose and display the generated virtual object during
the action of the one actor.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2012-029397 filed in the Japan Patent Office on Feb. 14,
2012, the entire content of which is hereby incorporated by
reference.

What is claimed is:

1. A display control device comprising:

circuitry configured to:

acquire, at an action position of one actor, action infor-
mation regarding a past action of another actor;

generate a virtual object for virtually indicating a posi-
tion of the other actor during an action of the one actor
based on the acquired action information;

cause a display displaying a surrounding scene to super-
impose and display the generated virtual object dur-
ing the action of the one actor;

determine whether the other actor is located at a position
within a visual field of the one actor who is acting;

cause the display to display the virtual object when the
other actor is determined to be located at the position
within the visual field;

cause the display to superimpose and display a map
showing positions of the one actor and the other actor
when the other actor is determined to not be located at
the position within the visual field and the other actor
is distant from the one actor by a predetermined dis-
tance or greater, wherein actions of the one actor and
the other actor are running actions on a road;

identify a range of the road from a captured image that
images the visual field of the one actor; and

determine that the other actor is located at the position
within the visual field when the other actor is located
within the identified range of the road.

2. The display control device according to claim 1, wherein
the circuitry is configured to cause the display to transpar-
ently display the generated virtual object.

3. Thedisplay control device according to claim 1, wherein
the circuitry is configured to:

detect a direction of a sight line of the one actor; and

switch display of the virtual object in the display in accor-

dance with the detected direction of the sight line.

4. The display control device according to claim 3, wherein
the circuitry is configured to cause the display to display the
virtual object when the other actor is acting in front of a
traveling direction of the one actor and the sight line of the one
actor is oriented toward the front.

5. The display control device according to claim 3, wherein
the circuitry is configured to cause the display to display the
virtual object when the other actor is acting in rear of a
traveling direction of the one actor and the sight line of the one
actor is oriented toward the rear.

6. The display control device according to claim 1, wherein
the circuitry is configured to:

cause the display to display the virtual object when the one

actor is determined to start a running action.

7. The display control device according to claim 1, wherein
the circuitry is configured to cause the display not to display
the virtual object when a shielding object is present between
the one actor and the other actor from a view of the one actor.
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8. The display control device according to claim 1, wherein
the circuitry is configured to acquire the action information
and map information including information regarding alti-
tude of a position at which the other actor acts.
9. The display control device according to claim 1, wherein
the display is a glasses-type display mounted on the one actor.
10. A display control method comprising:
acquiring, at an action position of one actor, action infor-
mation regarding a past action of another actor;

generating a virtual object for virtually indicating a posi-
tion of the other actor during an action of the one actor
based on the acquired action information;

causing a display displaying a surrounding scene to super-

impose and display the generated virtual object during
the action of the one actor;
determining whether the other actor is located at a position
within a visual field of the one actor who is acting;

causing the display to display the virtual object when the
other actor is determined to be located at the position
within the visual field;
causing the display to superimpose and display a map
showing positions of the one actor and the other actor
when the other actor is determined to not be located at
the position within the visual field and the other actor is
distant from the one actor by a predetermined distance or
greater, wherein actions of the one actor and the other
actor are running actions on a road;
identifying a range of the road from a captured image that
images the visual field of the one actor; and

determining that the other actor is located at the position
within the visual field when the other actor is located
within the identified range of the road.
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11. A non-transitory computer readable medium having a
computer program recorded thereon, the computer program
configured to perform a method when executed on a com-
puter, the method comprising:
acquiring, at an action position of one actor, action infor-
mation regarding a past action of another actor;

generating a virtual object for virtually indicating a posi-
tion of the other actor during an action of the one actor
based on the acquired action information;

causing a display displaying a surrounding scene to super-

impose and display the generated virtual object during
the action of the one actor;
determining whether the other actor is located at a position
within a visual field of the one actor who is acting;

causing the display to display the virtual object when the
other actor is determined to be located at the position
within the visual field;
causing the display to superimpose and display a map
showing positions of the one actor and the other actor
when the other actor is determined to not be located at
the position within the visual field and the other actor is
distant from the one actor by a predetermined distance or
greater, wherein actions of the one actor and the other
actor are running actions on a road;
identifying a range of the road from a captured image that
images the visual field of the one actor; and

determining that the other actor is located at the position
within the visual field when the other actor is located
within the identified range of the road.
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